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Tubular reabsorption of phosphate after release of complete
ureteral obstruction in the rat. The excretion of phosphate was
studied in rats after release of complete unilateral ureteral
obstruction of 24 hours' duration. Marked differences were
observed in the rate of excretion of phosphate between the
control and the postreleased kidney. After release of unilateral
ureteral obstruction, the fractional excretion of phosphate by
the control kidney was greater than in normal rats, while the
fractional excretion of phosphate by the experimental kidney was
markedly decreased. The increased excretion of phosphate by
the control kidney was abolished by prior parathyroidectomy
and was attributed to an increase in the concentration of circu-
lating parathyroid hormone. The low urinary excretion of
phosphate by the experimental kidney could not be attributed to
refractoriness of the renal tubule to the action of parathyroid
hormone or to changes in the intrinsic capacity of the tubule to
reabsorb phosphate. A marked decrease in the filtered load of
phosphate is the most likely factor responsible for the low
phosphate excretion by the experimental kidney. Support for
this concept was obtained from studies in rats in which the
filtered load of phosphate was decreased unilaterally by partially
cOnstricting the aorta proximal to the left renal artery. In these
rats the fractional excretion of phosphate was considerably less
in the constricted than in the contralateral normal kidney both
before and after the administration of exogenous parathyroid
hormone. In addition, a marked dissociation was observed
between the rate of excretion of salt and water and the rate of
excretion of phosphate in rats studied after release of unilateral
ureteral ligation. Fractional excretion of sodium and water was
greater in the experimental than in the control kidney whereas
fractional excretion of phosphate was greater in the control than
in the experimental kidney. These findings are consistent with
the hypothesis that in the postobstructed kidney there is
increased phosphate reabsorption in the proximal tubule and
decreased sodium and water reabsorption in the distal tubule.
Reabsorption tubulaire des phosphates après levee d'une
occlusion complete de l'uretère chez le rat. L'excrétion des
phosphates a été étudiée chez rats aprês levee d'une occlusion
unilatérale de l'uretère pendant 24 heures. Des differences impor-
tantes ont été observées dans les debits d'excrétion de phosphate
entre le renin contrôle et Ic renin lihéré. Aprés Ia levee de
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l'occlusion unilatérale l'excrétion fractionnelle des phosphates
par le rein controle est plus grande que chez l'animal normal,
alors qu'elle est trés diminuée du côté experimental. L'augmen-
tation de l'excrétion des phosphates par le rein contrôle est
abolie par une parathyrotdectomie préalable et elle est attribuée
a une augmentation de Ia concentration circulante d'hormone
parathyroidienne. L'excrétion de phosphates faible par le rein
experimental ne peut pas étre misc au compte d'une insensibilitC
du tube renal a l'action de I'hormone parathyroIdienne ou de
modifications de Ia capacité intrinséque du tube a réabsorber les
phosphates. Une diminution importante de Ia charge filtrée de
phosphates est plus probablement Ic facteur résponsable de Ia
diminution de l'excrétion de phosphates par le rein expéri-
mental. Des arguments en faveur de ctte hypothèse ont éte
obtenus par I'étude de rats dont Ia charge de phosphates
filtrés a été diminuée unilatéralement par une constriction
partielle de l'aorte en amont de l'artère rénale gauche. Chez ces
rats I'excrétion fractionnelle de phosphates est trés inférieure du
côté subissant Ia constriction a c qu'elle est par Ic rein normal
controlatéral, aussi bien avant qu'après l'administration
d'hormone parathyroidienne. Dc surcroit, une dissociation
nette a été observée entre Ic debit d'excrétion de sd et d'eau et Ic
debit d'excrétion de phosphates chez les rats étudiés après
l'ablation de Ia ligature urétérale. L'excrétion fractionnelle de
sodium et d'eau est plus grande par Ic rein experimental que par
le rein témoin alors que l'excrétion fractionnelle de phosphates
est plus grande par Ic rein contrôle que par le rein experimental.
Ces constatations sont compatibles avec I'hypothèse d'une
reabsorption proximale de phosphate accrue et d'une ré-
absorption distale d'eau et de sodium diminuée dans Ic rein qui a
subi l'obstruction.
Numerous studies have previously emphasized the
interrelationships between sodium and phosphate re-
absorption by the proximal tubule [1—3]. With few
exceptions, alterations in the reabsorption of sodium
are associated with parallel changes in the reabsorp-
tion of phosphate, suggesting that there might be a
close relationship between the renal tubular transport
of these two ions.
It has been established that relief of complete or
partial obstruction of the urinary tract in man can
result in natriuresis and diuresis [4, 5]. Although the
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patterns of sodium and water excretion have been
studied extensively in this disorder in man and experi-
mental animals [6—10], the urinary excretion of other
substances by the postobstructed kidney has not been
investigated in detail. Recently, Better et at [11] have
reported studies of the function of individual kidneys
in a patient after relief of complete unilateral obstruc-
tion of three months' duration. Of interest was their
finding of a dissociation between sodium and phos-
phate excretion by the postobstructed kidney. As
expected, fractional sodium excretion by the affected
kidney was greater than in the control organ, whereas
fractional phosphate excretion was markedly dimi-
nished. The present studies were designed to investi-
gate this unusual pattern of phosphate excretion using
a model of postobstructive diuresis in the rat.
Methods
Experiments were performed in female Sprague-
Dawley rats weighing 200 to 270 g, fed a standard rat
chow. Different experimental groups were studied.
I. Unilateral ureteral ligation. Through a small mid-
line lower abdominal incision, the right ureter of rats
anesthetized lightly with ether was completely ligated
at the distal one-third with 2—0 silk. The wound was
closed and the animals were returned to their cages.
Food and water were withheld until the time of study.
After 24 hours of complete unilateral ureteral obstruc-
tion, the animals were anesthetized lightly with ether
for the insertion of arterial, venous and ureteral
cannulae. The right ureteral obstruction was released
at this time by placing a polyethylene cannula proximal
to the silk ligature. The animals were then placed in
Plexiglas holders and a period of one and one-half to
two hours was allowed for the rats to recover com-
pletely from the anesthesia and for urine flow to
become stable. A priming dose of '4C-inulin (0.53 PCi)
was then administered in 1 ml of isotonic saline
solution and a sustaining solution of radioactive
inulin in isotonic saline was infused at a rate of
39 tl/min using a constant infusion pump (Harvard).
Concentrations of '4C-inulin in the infusate were ad-
justed so that the counting rate of 10 .tl of plasma
would be at least ten times background. After an
equilibration period of at least 60 minutes, urine was
collected simultaneously from the control and experi-
mental kidney for three separate clearance periods.
Urine was collected under oil in previously weighed
tubes and urine volume was determined by weighing.
Blood samples were collected from the femoral
arterial cannula at the beginning, midpoint and
termination of each clearance period. Plasma was
separated and equal volumes of the three plasma
samples from each clearance period were combined
for the determination of inulin, phosphate and sodium.
A. Ablation of the control kidney in rats with uni-
lateral ureteral ligation. In a group of seven rats, re-
lease of unilateral ureteral ligation and clearance
studies were carried out as just described. After obtain-
ing samples from three separate clearance periods
from the control and experimental kidney, the pedicle
of the control left kidney was tied by means of a loose
ligature placed at the time of release of the right
ureteral obstruction. Forty to 100 minutes after the
function of the control kidney had been eliminated,
three additional clearance periods were obtained from
the postreleased kidney.
B. Unilateral ureteral ligation and subsequent ad-
ministration of parathyroid hormone. 1. Nonpara-
thyroidectomized rats. Unilateral ureteral obstruction
and release were carried out as already described.
Following three baseline clearance periods, a priming
dose of 4 g of parathyroid hormone in 0.5 ml of nor-
mal saline solution was administered over a five-
minute period followed by a sustaining infusion of 8 g
of parathyroid hormone in 2 ml of isotonic saline at a
rate of 10 .il/min via a tail vein. After an equilibration
period of 25 to 30 minutes, samples from three ad-
ditional clearance periods were obtained from both
the control and experimental kidney. Urine was col-
lected under oil in previously weighed tubes and
assayed for sodium, phosphate, inulin and cyclic
adenosine monophosphate (AMP). Samples for cyclic
AMP were stored at — 80°C prior to assay. 2. Para-
thyroidectomized rats. Surgical parathyroidectomy was
carried out under light ether anesthesia 48 hours prior
to study. After careful dissection under a microscope,
the parathyroid glands were identified. The glands were
dissected from the lateral surface of each thyroid lobe
and the fossa of the glands was cauterized. After
surgery the animals were returned to their cages and
allowed food and water. In these rats serum calcium
concentration decreased from a mean of 9.4 0.2 mgI
100 ml prior to surgery to 6.6 mg/100 ml at the
time of study. Unilateral ureteral ligation was carried
out 24 hours prior to study. The experimental protocol
was identical to that used in the nonparathyroidecto-
mized rats.
11. Sham-operated normal and parathyroidectomized
rats. Clearance studies were performed in a group of
six normal and four parathyroidectomized rats with
two intact kidneys. Four rats had a surgical para-
thyroidectomy 48 hours prior to study. All ten rats in
this group had a sham abdominal operation 24 hours
prior to study. Food and water were then withheld
until the time of study. Clearance studies were per-
formed using a protocol similar to that described for
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rats with unilateral ureteral ligation. Four clearance
periods were obtained.
III. Ablation of the control kidney in rats with a
remnant kidney. Four rats underwent a five-sixths
infarction of the right kidney by tying off terminal
branches of the renal artery as described previously
[12]. A week later the animals were studied. After
specimens from three baseline clearance periods were
obtained with separate urine collections from the
remnant and normal kidney [12], the pedicle of the left
control kidney was ligated and specimens from three
additional clearance periods were collected from the
remnant kidney.
IV. Bilateral ureteral ligation. Bilateral ligation of
the ureters at the distal one-third was carried out
using the same procedure as described for unilateral
ureteral ligation. Food and water were withheld until
the time of study. After 24 hours, the right ureter was
cannulated proximal to the obstruction while the left
ureter remained obstructed. Clearance studies were
carried out on the postobstructed kidney according to
the procedure described for unilateral ureteral
ligation.
V. Aortic constriction and administration of para-
thyroid hormone. Normal rats were anesthetized with
mactin i.p. (100 mg/kg), placed on a heated board and
maintained at a body temperature of 36.7 to 37.5°C.
Following tracheostomy, polyethylene cannulae were
inserted into the ureters, the left jugular vein and the
right carotid artery. In addition, a cannula was in-
serted into the femoral artery to monitor changes in
mean arterial pressure. Arterial perfusion pressure was
decreased acutely in the experimental kidney (left) by a
snare of 3—0 silk placed encircling the abdominal aorta
at the base of the left renal artery distal to the origin
of the right renal artery [13]. The ligature was threaded
through a glass capillary tube and attached to a
ratchet device, allowing tension to be applied against
the end of the capillary tubing for aortic compression.
Inulin priming and sustaining solutions were ad-
ministered as described previously. The infusion rate
of the sustaining solution was 39 zl/min. After an
equilibration period, two or three control clearance
periods were collected; following this, partial aortic
constriction was induced to decrease glomerular
filtration rate (GFR) in the experimental kidney. Per-
fusion pressure was decreased by 25 to 30 mm Hg, as
judged from femoral pressure. When the reduction in
femoral pressure was stable for 20 mm, two or three
clearance periods were obtained. With the constricting
ligature still in place, a priming (4 g) and sustaining
dose of parathyroid hormone (8 tg in 2 ml of normal
saline) were administered at 10 .d/min via a tail vein
cannula, and following a 20-mm equilibration period,
two or three additional clearance periods were ob-
tained. The partial aortic constriction was then released,
while the infusion of parathyroid hormone was con-
tinued and two or three additional clearance periods
were obtained.
Analytical procedures. 14C-inulin in urine and plasma
was detected in 10 ml of a liquid scintillation cocktail
(3A40, Research Products International Corporation,
Elkgrove Village, Illinois) in a liquid scintillation
counter (Packard Tri-carb, Model 3214). At least
10,000 counts were obtained in all urine and
plasma samples. Phosphorus concentration was
determined using a modification of the method of
Chen, Toribara and Warner [14]. Calcium concentra-
tion was determined by atomic absorption spectro-
photometry (Instrumentation Laboratories). Blood
Table 1. Representative experiment in a rat three to six hours after release of unilateral ureteral ligationa
Clearance
period
Time
rn/n
V
p//rn/n
C1
mi/rn/n
Plasma
phosphate
mg/lOOm!
Urine
FL04
jig/mm
Up04V
jig/mm
FL04
excreted
%
UNaV
p.Eq/min
FLNa
excreted
%
CE C E C E C E C F C F C E
1
2
3
0—33
33—63
63—93
13 15
16 22
14 25
1.20 0.41
1.10 0.40
1.14 0.47
7.5
7.8
7.6
90 31
82 31
86 36
26.4 0.38
30.4 1.09
34.1 1.98
29.3 1.2
37.1 3.5
39.6 5.5
2.5 1.8
3.5 2.8
3.4 3.4
1.4 3.0
2.3 4.9
2.1 5.0
At —1637 mm, the right ureter was ligated. At 197 mm, arterial and venous cannulae and ureteral cathers were inserted (bilaterally);
the right ureteral obstruction was released. At —76 mm, a priming injection of 0.53 iCi of 14C-inulin in 1 ml of normal saline solu-
tion was administered; then a sustaining solution containing 53 zCi of '4C-inulin in 100 ml of normal saline solution was administered
at 39 d/min.
b v= urine flow; C10 = inulin clearance; FL04 = filtered load of phosphate; FLNO excreted = fractional sodium excretion; C= control;
F =experimental.
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Table 2. Renal function in ten rats three to six hours after release of unilateral ureteral obstructions
Experiment V C1 Plasma
Urine
FL04 Upo4V FL04 UNaY FLNa
No. p.1/mm mi/mm phosphate
mg/lOOmi
p.g/min p.g/min excreted
%
p.Eq/min excreted
C E C E C E C E C E C E C E
1 15 17 1.35 0.25 6.0 81.0 15.0 23.0 0.3 28.5 1.8 2.4 3.2 1.2 5.3
2 27 13 1.40 0.31 6.6 93.0 20.5 15.9 0.1 17.0 0.4 2.9 1.0 1.2 2.3
3 8 23 1.58 0.36 6.5 102.3 23.2 26.5 0.6 25.9 2.4 1.9 3.1 0.8 6.1
4 14 21 1.13 0.43 7.6 86.1 32.5 30.3 1.2 35.2 3.5 3.1 2.7 1.9 4.3
5 16 9 1.39 0.63 7.5 103.3 46.8 32.4 0.6 31.4 1.2 4.0 1.6 2.1 1.8
6 17 14 1.37 0.74 6.2 85.2 45.7 25.8 0.4 30.3 1.0 3.6 2.2 1.9 2.2
7 16 20 1.71 0.75 6.2 105.4 46.1 35.5 1.6 35.3 3.5 2.9 2.7 1.3 2.6
8 51 16 1.20 0.27 6.3 75.7 17.3 20.3 0.5 26.8 2.8 0.7 1.4 0.4 3.8
9 17 30 1.28 0.49 6.2 78.7 30.4 28.6 1.2 36.3 4.1 3.7 3.5 2.1 4.9
10 26 17 1.53 0.72 6.7 102.4 48.3 25.2 1.2 24.6 2.4 4.7 2.8 2.1 2.7
Mean 20.7 18.0 1.39 0.50 6.6 91.3 32.6 26.4 0.8 29.1 2.3 3.0 2.4 1.5 3.6
3.79 1.86 0.06 0.06 0.18 3.58 4.20 1.2 0.16 1.88 0.38 0.37 0.26 0.19 0.47
a For definition of abbreviations see Table 1. All indexes with the exception of V and UV are significantly different between the con-
trol and the experimental kidney (P<0.01).
urea nitrogen concentration was measured by the
method of Marsh, Fingerhut and Miller [15] as
adapted to the autoanalyzer. Cyclic AMP was deter-
mined by radioimmunoassay, as previously described
[16, 17]. Sodium was determined by flame photometry,
using a flame photometer (Instrumentation Labora-
tories, Model 43). Clearances and fractional excretion
of sodium and phosphate were calculated using
standard formulas. Purified bovine parathyroid hor-
mone (900 U/mg) was purchased from Wilson Co.,
Chicago. Illinois.
Results
Release of unilateral ureteral obstruction. The results
of a representative experiment in an animal studied
three to six hours after release of unilateral ureteral
ligation are shown in Table I. Inulin clearance in the
experimental kidney was approximately one-third the
value for the control kidney. Both absolute and frac-
tional phosphate excretion were markedly lower in the
experimental kidney than in the contralateral control
kidney. Fractional excretion of phosphate averaged
3.4% in the experimental and 35.3% in the control
kidney. Fractional sodium excretion was greater in the
experimental than in the control kidney.
Table 2 summarizes the results of identical experi-
ments in ten rats studied three to six hours after release
of unilateral obstruction. Each value represents the
mean of three clearance periods. Mean blood urea
nitrogen concentration was 24.5 mg/100 ml±l.6
(range, 19 to 33 mg/l00 ml) and plasma phosphate
averaged 6.6 mg/100 ml. Mean urine flow was com-
parable in the control and experimental kidneys.
Inulin clearance averaged 1.39 ml/min in the control
and 0.50 mI/mm in the experimental kidney. Mean
urinary excretion of phosphate was 26.4 g/min in the
control and 0.8 ig/min in the experimental kidney.
Mean values for fractional phosphate excretion
averaged 29.1 % in the control kidney and 2.3% in the
experimental kidney. Fractional excretion of sodium
was more than twofold greater in the experimental than
in the control kidney.
Sham-operated normal and parathyroidectomized
rats. Table 3 summarizes the results of experiments
performed in six normal and four parathyroidecto-
mized rats with two intact kidneys. In the six normal
rats GFR averaged 2.67 mI/mm and mean fractional
phosphate excretion was l2.1%. In the four para-
thyroidectomized rats mean GFR was 3.17 mI/mm and
fractional phosphate excretion averaged 5.1%.
Infusion of parathyroid hormone after release of uni-
lateral ureteral ligation. Increased phosphate excretion
by the control kidney after release of unilateral
ureteral obstruction could be attributed to increased
secretion of parathyroid hormone while the low
urinary excretion of phosphate observed in the experi-
mental kidney under these conditions could relate to
refractoriness of this kidney to the phosphaturic
action of parathyroid hormone. To test these possi-
bilities we examined the effect of parathyroid hormone
administration following release of unilateral ureteral
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Table 3. Renal function in sham-operated normal and parathyroidectomized rats0
C
mi/mm
Plasma
phosphate
mg/IOU ml
FL04
pg/min
U04V
(Lg/min
FL04
excreted
%
FLNO
excreted
0/
Normal
(N=6) Mean
SEM
2.67
0.14
5.7
0.62
149.3
14.4
19.6
4.65
12.1 0.92
Parathyroidectomized
(N=4) Mean
SEM
3.17 8.6 271.5
11.3
13.5
1.98
5.1 1.48
Data presented are for two kidneys.
control kidney in both groups of rats. It also should be
noted that fractional phosphate excretion in the
control kidney was markedly reduced in the para-
' thyroidectomized rats as compared to the nonpara-
thyroidectomized rats suggesting that the decreased
32 phosphate reabsorption observed in the control kidney
after ureteral ligation of the contralateral kidney is the
result of increased concentrations of circulating para-
16 thyroid hormone.
The effects of parathyroid hormone on urinary
excretion of cyclic AMP by the control and experi-
_________
________ ________ _________
mentalkidney are shown for nonparathyroidectomized
rats in Fig. 2 and for parathyroidectomized rats in
Fig. 3. The absolute excretion of cyclic AMP was
greater in the control than in the experimental kidney;
however, when the results are expressed as a function
of GFR, excretion of cyclic AMP by the two kidneys
obstruction in parathyroidectomized and nonpara-
thyroidectomized rats. Fig. 1 shows the mean data for
inulin clearance and fractional phosphate excretion in
five parathyroidectomized and three nonparathy-
roidectomized rats before and after the administration
of parathyroid hormone. Mean inulin clearance did
not change significantly in either kidney following
administration of parathyroid hormone. In the para-
thyroidectomized rats fractional excretion of phos-
phate increased from 12.1 2.9% to 36.9 4.9% in the
control kidney and from 3.4± 1.O6% to 9.4± l.73% in
the experimental kidney after administration of para-
thyroid hormone. In the nonparathyroidectomized
rats mean fractional excretion of phosphate increased
from 29.3 3.7% to 34.7 3.2% in the control kidney
and from 3.1±O.5l% to 4.9±1.37% in the experi-
mental kidney after administration of parathyroid
hormone. Mean fractional excretion of both sodium
and water was greater in the experimental than in the
Ct0
ml/min
2,0
1.0
Non-PTX
Cjfl FL50,
mi/mm excreted
H
PTX
FL04
excreted
Fig. 1. Mean values for mu/in clearance and fractional phosphate
excretion by the control (closed circles) and the postreleased
kidney (open circles) of five parathyroidectomized (PTX) rats and
three nonparathyroidectomized (Non-P TX) rats before (left) and
after (right) the administration of parathyroid hormone.
Fig. 2. Urinary excretion of cyclic AMP by the control kidney
(solid bars) and the experimental kidney (hatched bars) after
release of unilateral ureteral obstruction in three nonparathyroidec-
tomized rats. Absolute excretion of cyclic AMP before (B) and
after the administration of parathyroid hormone (PTH) is
shown in the left panel. Values corrected per unit of glomerular
filtration rate (GFR) are shown in the right panel.
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80
II
B PTH B PTH B PTH B PTH
Fig. 3. Urinary excretion of cyclic AMP by the control (solid bars)
and the experimental kidney (hatched bars) after release of
unilateral ureteral obstruction in five parathyroidectomized rats.
Values for absolute excretion of cyclic AMP (left panel) and
excretion of cyclic AMP per unit of glomerular filtration rate
(GFR) (right panel) are statistically different (P< 0.01) from the
values for nonparathyroidectomized rats.
was comparable before and after the infusion of
parathyroid hormone. The baseline excretion of
cyclic AMP was twice as high in both the control and
experimental kidney of rats with intact parathyroid
glands than in rats that had been parathyroidecto-
mized. The increase in excretion of cyclic AMP in
response to parathyroid hormone was similar in the
two groups of rats.
Unilateral release of bilateral ureteral obstruction.
The low urinary excretion of phosphate by the post-
released kidney could be attributed to an intrinsic
change in the tubular reabsorption of phosphate as a
consequence of obstruction or to a decreased filtered
load of phosphate secondary to the decrease in GFR.
To examine the effects of obstruction per se on the
urinary excretion of phosphate, rats were studied after
unilateral release of bilateral ureteral obstruction. In
this model, the filtered load of phosphate does not fall
appreciably in the postobstructed kidney.
The results of experiments in five rats are sum-
marized in Table 4. In these animals urine flow
averaged 70 Ill/mm, GFR was 0.42 mi/mm, mean
plasma urea nitrogen concentration was 176.4 mg/l00
ml and plasma phosphate concentration averaged
14.9 mg/lOO ml. The filtered load of phosphate
(62.6 g/min) was twice as great as that observed in the
experimental kidney of rats studied after release of
unilateral ureteral obstruction. The urinary excretion
of phosphate averaged 41.7 g/min which represents
excretion of 66.7% of the filtered load. Fractional
excretion of sodium and water were markedly in-
creased to 12.7% and 17.5%, respectively.
Aortic constriction. Studies were carried out to
evaluate the possibility that the decrease in phosphate
excretion by the experimental kidney after release of
unilateral ureteral obstruction could be attributed to a
decrease in the filtered load of phosphate. A repre-
sentative experiment is shown in Table 5. Following
aortic constriction, there was a marked decrease in
fractional sodium and water excretion in the experi-
mental kidney. Glomerular filtration rate fell and
absolute and fractional excretion of phosphate de-
creased considerably. Concomitantly, there was an
increase in fractional excretion of water, sodium and
phosphate by the contralateral kidney. Both kidneys
showed a phosphaturic response to the administration
of parathyroid hormone; however, the increase in
fractional excretion of phosphate following admini-
stration of parathyroid hormone was considerably
greater in the control than in the constricted kidney.
Following release of constriction there was an increase
in fractional excretion of sodium and water in the
previously clamped kidney and an additional increase
in the excretion of phosphate.
Table 4. Renal function three to six hours after unilateral release of bilateral ureteral obstructiona
Experiment
No.
V
jAI/min
C
mI/mi,z
Plasma
phosphate
mg/100ml
Urine
FL04 U0p4V FL04 UNaV FLNa
.ag/min 1tg/min excreted jaEq/min excreted
°A °/
1 101 0.33 16.7 54.6 33.5 61.4 12.1 26.4
2 102 0.46 15.7 72.8 50.4 69.2 9.1 13.9
3 37 0.44 14.6 64.0 48.2 75.3 4.2 6.6
4 48 0.41 13.9 56.7 38.5 67.9 4.4 7.5
5 64 0.47 13.7 64.7 38.1 59.6 6.3 9.3
Mean 70.4 0.42 14.9 62.6 41.7 66.7 7.2 12.7
13.40 0.02 0.57 3.23 3.23 2.83 1.50 3.64
a For definition of abbreviations see Table 1.
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Table 5. Representative experiment on the effects of aortic constriction and administration of parathyroid hormone (PTH) in a normal
rat0
Clearance Time C1,, Femoral Phosphate FL04 Upo4V FL04 UNaV FLNO
period miii mi/mu BP mg/100 ml pg/mm p.g/min excreted j.Eq/min excreted
mmHg % %
C E C E C E C E C B C E
—252 mactin infusion, 10 mgllOO g of body wt, i.p.
—237 Cannulae placed in both ureters, left femoral artery, left jugular vein and a tail vein. A loose ioop of 3—0 silk
placed around the aorta superior to the left renal artery.
—101 Inulin prime administered. Start sustaining solution containing '4C-inulin in normal saline solution at
39 d/min.
1 0-15 1.35 1.29 118 5.7 76.6 73.0 18.5 13.9 24.1 19.1 3.0 5.4 1.6 2.9
2 15—30 1.53 1.26 5.9 90.2 74.3 19.5 13.8 21.6 18.5 3.2 5.4 1.5 3.0
38 Aortic constriction applied.
3 64—81 1.57 1.04 90 5.2 82.0 54.3 19.5 3.5 23.7 6.0 6.9 2.4 3.1 1.6
4 81—104 1.63 1.09 91 5.2 85.4 57.1 19.7 0.8 23.0 1.3 6.7 0.9 2.8 0.6
5 104—124 1.48 0.98 91 5.3 78.6 52.0 18.4 0.4 23.3 0.7 6.4 1.1 3.1 0.8
125—132 PTH administered, 4 ig in 0.5 ml of normal saline.
132 Start sustaining solution containing 8 g pf PTH in 2 ml of normal saline at 10 il/min.
6 153—188 1.52 1.02 80 4.6 70.4 47.4 33.4 5.4 47.6 11.4 7.0 0.4 3.3 0.3
7 188—220 1.52 1.05 75 4.7 72.1 49.6 22.7 5.3 31.6 10.6 7.1 0.6 3.1 0.4
223 Aortic constriction released. PTH infusion continued.
8 252—280 1.54 1.25 107 4.5 69.6 56.3 14.6 11.2 20.9 20.0 2.3 5.2 1.1 3.0
9 280—305 1.65 1.50 101 3.9 65.0 59.1 15.6 17.1 24.0 29.0 3.1 7.0 1.4 3,4
0 For definition of abbreviations see Table 1.
Table 6. Effects of aortic constriction and administration of parathyroid hormone (PTH) on renal function in five normal rats°
C1,, Pp04 FL04 UV04 FL04 UNOY FLNa
mi/mu mg/100 ml p.g/min pg/mu excreted p.Eq/min excreted
0/ 0/;
C F C F C E C E C E C E
Control 1.40 1.30 6.06 85.1 78.7 16.4 12.8 19.9 16.9 3.4 5.2 1.7 2.9
AC
AC+PTH
Release+PTH
1.46 0.98
1.44 1.00
±0.08
1.37 1.27
5.68
5.02
4.68
82.8 55.9
73.0 51.2
62.7 59.2
17.3 3.3
24.1 6.5
16.2 13.1
21.3 6.1
33.1 11.8
26.2 22.5
5.6 1.2
5.8 0.8
2.8 5.4
2.7 0.9
2.8 0.6
0 For definition of abbreviations see Table 1. AC = aortic constriction.
The results of aortic constriction and administration
of parathyroid hormone in five rats are summarized
in Table 6. After aortic constriction, mean GFR fell
from 1.30 to 0.98 ml/min in the experimental kidney,
the filtered load of phosphate decreased from 78.7 to
55.9 p.g/min, urinary excretion of phosphate decreased
from 12.8 to 3.3 .g/min and fractional excretion of
phosphate decreased from 16.9 to 6.1%. Following
administration of parathyroid hormone, the excretion
of phosphate in the experimental kidney increased
from 3.3 to 6.5 igmin and fractional excretion of
phosphate increased from 6.1 to a mean of 11.8%. In
the control kidney mean fractional excretion of phos-
phate increased from 21.3 to 33.1% following ad-
ministration of parathyroid hormone.
Ablation of the control kidney in rats with a remnant
kidney. In order to establish whether or not the de-
creased excretion of phosphate observed after release
of unilateral ureteral obstruction was due to a de-
crease in nephron mass, phosphate excretion was
studied in rats with a remnant and a control kidney.
Fig. 4 shows the data for inulin clearance, frac-
tional phosphate and sodium excretion for four rats
with a normal and a remnant kidney. The data for the
remnant kidney are also depicted after ablation of the
control kidney. Of note is the fact that fractional
phosphate excretion was comparable in the two
kidneys and a marked increase occurred in the rem-
nant kidney following ligation of the pedicle of the
normal kidney. No change in inulin clearance was
observed following removal of the normal kidney.
Fractional sodium excretion was greater in the rem-
nant than in the control kidney and a significant
increase occurred following removal of the control
kidney.
Ablation of the control kidney in rats with unilateral
ureteral ligation. To study the effects of an increase in
the filtered load of phosphate on the excretion of
phosphate by the postreleased kidney, the control
kidney was ablated after baseline excretion values were
obtained from the postreleased kidney.
Fig. 5 depicts the data for inulin clearance, frac-
tional phosphate and sodium excretion by the control
kidney and by the postreleased kidney of seven rats
both before and after ablation of the control kidney.
Fractional phosphate excretion was markedly de-
creased in the postreleased kidney when compared to
the control. Fractional Na excretion was greater in the
postreleased than in the control kidney. Following
ablation of the control organ, there was a slight but not
significant increase in inulin clearance and a rise in
plasma phosphate concentration from 6.4 0.26 to
7.8 0.39 mg/100 ml. The filtered load of phosphate
increased from 32.9 to 48.5 g/min. Following abla-
tion of the control kidney, there was a significant
increase in fractional phosphate excretion in the post-
released kidney. No change in fractional sodium
excretion was observed.
Discussion
The fractional excretion of phosphate in the rat was
markedly different by the two kidneys after release of
unilateral ureteral obstruction. This is in contrast to
the results obtained in rats with a normal and a rem-
nant kidney (see Fig. 4) or in dogs [18] or man [19]
with a normal and a pyelonephritic kidney. The
remnant and the pyelonephritic kidney had a frac-
tional excretion of phosphate similar to that observed
in the contralateral normal kidney. The pattern of
phosphate excretion by the postreleased kidney is
therefore different from that observed in other forms
of experimental renal disease.
Release of unilateral ureteral obstruction in the rat
results in a marked decrease in absolute and frac-
tional excretion of phosphate by the experimental
kidney and increased absolute and fractional excretion
of phosphate by the control kidney. In a group of ten
animals studied after release of unilateral ureteral
obstruction, fractional phosphate excretion by the
control kidney averaged 29.l°4. The fractional ex-
cretion of phosphate in normal rats studied under
similar conditions was l2.1% (see Table 3). This in-
creased phosphate excretion observed in the control
kidney of rats with unilateral ureteral obstruction may
be mediated in part by an increased circulating con-
centration of parathyroid hormone [20]. This concept
is supported by the fact that in parathyroidectomized
rats subjected to unilateral ureteral obstruction, the
excretion of phosphate did not increase in the control
kidney. Further support for the role of parathyroid
hormone in mediating the increased phosphate ex-
cm
mi/mm
FL04
excreted
%
(N=4)
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FLNa
excreted
%
Fig. 4. Mean inulin clearance, fractional phosphate and sodium
excretion values in four rats with a normal (open bars) and a
remnant kidney (stippled bars). The values for the remnant
kidney after ablation of the control kidney are also included on
the right for each index studied.
cm
mI/mm
FL04
excreted
%
(N=7)
FL
excreted
%
Fig. 5. Mean inulin clearance, fractional phosphate and sodium
excretion values in seven rats with a normal (open bars) and a
postreleased kidney (stippled bars). Values for the postreleased
kidney after ablation of the control kidney are also included.
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cretion by the control kidney is provided by the data
obtained in parathyroidectomized animals following
infusion with parathyroid hormone. Administration of
parathyroid hormone increased the fractional ex-
cretion of phosphate from 12.1 to 36.9% in the control
kidney of parathyroidectomized rats. The latter value
was not statistically different from the fractional
excretion of phosphate of 29.3% observed in the
control kidney with intact parathyroid glands subjected
to unilateral ureteral obstruction. In addition, ad-
ministration of exogenous parathyroid hormone after
release of unilateral ureteral obstruction in rats with
intact parathyroid glands did not cause a significant
increase in fractional excretion of phosphate in either
kidney (control: 29.3 3.7% before vs. 34.7 3.2%
after parathyroid hormone, P>O.3; experimental:
3.1 before vs. 4.9± l.4% after parathyroid
hormone, P<O.2). These results are consistent with
the hypothesis that the increase in absolute and frac-
tional excretion of phosphate by the control kidney of
rats with unilateral ureteral ligation is mediated by
an increase in the concentration of circulating para-
thyroid hormone.
It should be pointed out, however, that in rats with
two intact kidneys parathyroidectomy decreased
fractional excretion of phosphate from a mean of
12.1 to 5.l%. This latter value is significantly lower
than the value of 12.l% observed in the control
kidney of rats with unilateral ureteral ligation sub-
jected to total parathyroidectomy. These results
suggest that, even in the absence of parathyroid
hormone, the control kidney of rats with unilateral
ureteral ligation manifests a greater fractional ex-
cretion of phosphate than that which is observed in
parathyroidectomized rats with two intact kidneys.
Other factors, presumably hemodynamic in nature,
contribute, therefore, to the increased phosphaturia
observed in the control kidney of rats with unilateral
ureteral ligation. The quantitative contribution of
these other factors to the phosphaturia is certainly
less than that which results from increased concentra-
tions of circulating parathyroid hormone.
In the postreleased or experimental kidney, phos-
phate excretion was extremely low despite the presence
of secondary hyperparathyroidism (as discussed
herein) and despite the presence of increased fractional
excretion of salt and water. A similar observation has
recently been reported in a 24-year-old human subject
[11], after release of complete unilateral ureteral
obstruction of three months' duration. In this patient,
values for fractional excretion of phosphate were
between I to 2% in the postreleased kidney and
averaged about 2O% in the normal kidney. These find-
ings are similar to those presented in Table 2. The
mechanisms responsible for this decrease in phosphate
excretion by the postreleased kidney may relate to
refractoriness of the renal tubule to the phosphaturic
action of parathyroid hormone, to an intrinsic change
in the tubular reabsorptive capacity for phosphate or
to a marked fall in the filtered load of phosphate
secondary to glomerular hypoperfusion. The experi-
mental data are not consistent with the hypothesis that
the renal tubule of the unilaterally obstructed kidney
is refractory to the phosphaturic action of parathyroid
hormone. As shown in Fig. 1, the experimental
kidney of parathyroidectomized rats after release of
unilateral ureteral obstruction responded to the
administration of parathyroid hormone with an in-
crease in the fractional excretion of phosphate. How-
ever, the quantitative increase in phosphate excretion
in the experimental kidney (from 3.4 to 9.4% after
administration of parathyroid hormone) was much
less than that observed in the control kidney (from
12.1 to 36.9 after parathyroid hormone). The
absolute excretion of phosphate increased from 11.5 to
31 g/min in the control kidney and from 1 to 3.3 g/
mm in the experimental kidney. While these results
could be interpreted as a decreased response to para-
thyroid hormone, it should be pointed out that the
filtered load of phosphate in the experimental kidney
was about one-third that observed in the control
kidney. If the changes are computed on a percentile
basis, there was a threefold increase in the absolute
excretion of phosphate both in the control and the
experimental kidney. In addition, as shown in Figs. 2
and 3, while the absolute baseline excretion of cyclic
AMP was less in the experimental kidney than in the
control, the results are similar when the excretion of
cyclic AMP is expressed as a function of the GFR.
Also, the increase in urinary excretion of cyclic AMP
following administration of parathyroid hormone
was as great or greater in the experimental as in the
control kidney. Responsiveness of the postobstructed
kidney to parathyroid hormone is also indicated by the
finding that baseline urinary excretion of cyclic AMP
by the experimental kidney was greater in rats with
intact parathyroid glands (Fig. 2) than in para-
thyroidectomized rats (Fig. 3). These combined data
indicate that generation of cyclic AMP in response to
parathyroid hormone is not impaired in the post-
obstructed kidney and that the lack of a marked
phosphaturic effect may be related to factors other
than refractoriness of the renal tubule to parathyroid
hormone.
That obstruction per se does not modify the intrinsic
tubular reabsorptive capacity for phosphate is indi-
cated by the data obtained in animals subjected to
release of unilateral obstruction and subsequent
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ablation of the control kidney. In these rats (Fig. 5)
fractional excretion of phosphate increased from
4.0±0.6% before to 15.2±2.6% after ablation of the
control organ. In these rats, following ablation of the
control kidney, the filtered load of phosphate in-
creased from 32.9 4.6 to 48.5 7.3 g/min as a conse-
quence of a rise in the inulin clearance and the plasma
phosphate (which rose from a mean of 6.4 0.26 mg/
100 ml before to a mean of 7.8±0.39 mg/100 ml after
ablation of the control organ). In addition in the rats
with unilateral release of bilateral ureteral obstruction,
fractional excretion of phosphate averaged 66.7%
(Table 4), despite a fall in GFR to values similar to
those observed in the experimental kidney of rats
studied after release of unilateral ureteral obstruction.
Thus, fractional excretion of phosphate was dimin-
ished only in the model where both GFR and filtered
load of phosphate were decreased. In the model where
filtered load Of phosphate did not fall appreciably,
fractional excretion of phosphate rose appropriately.
Hemodynamic factors, presumably by decreasing salt
and water reabsorption along the nephron, may also
play a role in the increased phosphaturia observed in
rats with unilateral release of bilateral ureteral ligation
and after ablation of the control kidney in rats with
unilateral ureteral ligation.
The difference in fractional excretion of phosphate
observed between the remnant kidney and the post-
released kidney of unilaterally obstructed rats pre-
sumably relates to the differences in GFR per nephron
present in the two models. In the remnant kidney GFR
per nephron is normal [21]; in the postobstructed
kidney GFR per nephron is decreased [10, 22].
Consequently, in the latter model the filtered load of
phosphate per nephron will be markedly decreased.
In the experiments with aortic constriction (Table
6), the filtered load of phosphate was markedly re-
duced although not to the same extent as in the experi-
mental kidney of rats with unilateral ureteral ob-
struction. When the filtered load of phosphate was
decreased selectively in one kidney, infusion of para-
thyroid hormone caused only a slight decrease in
tubular reabsorption of phosphate in the constricted
side, while the contralateral unclamped kidney showed
a normal phosphaturic response to the hormone.1
These data are consistent with the hypothesis [23] that
1 Differences in responsiveness to parathyroid hormone were
observed in rats with aortic constriction compared to non-
parathyroidectomized rats studied after release of unilateral
ureteral obstruction. These differences can be explained in terms
of the greater and more prolonged reduction in GFR in rats with
ureteral ligation. Each of these differences would be expected to
cause higher concentrations of parathyroid hormone resulting in
lower basal tubular reabsorption of phosphate and lack of res-
ponsiveness to exogenous parathyroid hormone in the control
kidney of rats with unilateral ureteral obstruction.
parathyroid hormone affects reabsorption of only a
certain fraction of the filtered phosphate. A marked
decrease in the filtered load of phosphate in the rat
results in a significant diminution of the fractional
excretion of phosphate, even in the presence of high
concentrations of parathyroid hormone. These experi-
ments provide further evidence for the concept that
decreased excretion of phosphate in the postob-
structed kidney can be attributed to a decreased
filtered load.
After unilateral release of bilateral ureteral ligation,
the filtered load of phosphate averaged 62.6 g/min
and the mean fractional excretion of phosphate was
66.7%. In rats with aortic constriction, the filtered
load of phosphate averaged 55.9 tg/min and the mean
fractional excretion of phosphate was 6.l%. Hemo-
dynamic differences between the two models (rats
after unilateral release of bilateral ligation excreted
l2.7% of the filtered Na vs. 0.9% in rats with aortic
constriction) probably account for some of the dif-
ference in fractional phosphate excretion. However, it
should be pointed out that while total filtered loads of
phosphate were comparable, the filtered load of
62.6 g/min was the result of a plasma phosphate
concentration of 14.9 mg/l00 ml and a GFR of
0.42 mI/mm, and the filtered load of 55.9 jzg/min was
the result of a plasma phosphate concentration of 5.68
and a GFR of 0.98. Plasma phosphate concentrations
were, therefore, markedly different in the two models,
and plasma phosphate per se presumably also in-
fluences the degree of phosphaturia.
A marked dissociation was observed between ex-
cretion of phosphate and excretion of salt and water in
rats studied after release of unilateral ureteral obstruc-
tion. A similar dissociation has been reported recently
in dogs during expansion of extracellular fluid volume
[24]. The dissociation between phosphate and sodium
excretion after release of obstruction could be ex-
plained if the diuresis and natriuresis observed were
attributable to decreased reabsorption of salt and
water distally [7] without a concomitant decrease in
proximal reabsorption.
In conclusion, the data indicate that decreased
urinary excretion of phosphate by the experimental
kidney after release of unilateral ureteral obstruction
is due primarily to a decrease in the filtered load of
phosphate. The increase in phosphate excretion in the
contralateral normal kidney can be attributed to an
elevated concentration of circulating parathyroid
hormone.
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